amount of macronutrients such as protein, fats broken down into fatty acids, (polyunsaturated [PUFA] , monounsaturated [MUFA] , and saturated [SAFA] fatty acids), total carbohydrates, sucrose, lactose, cholesterol, and dietary fiber. The percentages of proteins, fats (PUFA, MUFA, and SAFA), total carbohydrates, sucrose, and lactose were also calculated. To accurately determine meal portions reported by patients, the atlas of food products was used. 11 A quantitative analysis of daily nutritional rations was conducted using a computer program, Diet 4 (National Food and Nutrition Institute, Poland).
12 The average body mass was measured in patients and controls. Based on the results, daily food intake was compared with the safety standards for people with moderate physical activity. The following shares of energy were included: protein, 12%; fat, 30% (SAFA, 10%; MUFA, 14%; PUFA, 6%); carbohydrates, 58% (max. sucrose, 10%; max. lactose, 10%), and the content of up to 300 mg of cholesterol along with about 25 g of fiber. 13 Two atherogenic indices of diet were calculated: the Keys factor and P/S ratio. The Keys factor was calculated using the following formula: Keys factor = 1.35 × (2 ×%SAFA -%PUFA) + 1.5 × √ (Chol/1000 kcal), where %SAFA is the percentage of energy in daily food intake of SAFA; %PUFA is the percentage of energy in daily food intake of PUFA; and Chol -mg of cholesterol in a daily nutritional ration.
14 The normal value of this factor is between 32 and 38 for women and between 28 and 34 for men. 15 The P/S ratio represents the portion of PUFA to SAFA, namely, P/S = PUFA/SAFA. PUFA should cover 7% and SAFA 8% of food energy intake, so the optimum ratio should be 0.87. 14 The results that considerably deviate from these values are considered invalid.
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The calculations were done using StatSoft Statistica 7.0. Normality of distribution of continuous variables was verified using the KolmogorovSmirnov test with the Lilliefors correction and the Shapiro-Wilk test. To compare the quantitative variables with normal distribution, the t test was used, and, in cases with nonnormal distribution, the Mann-Whitney nonparametric test was PATIENTs ANd mEThOds The study involved 143 individuals (86 women and 57 men; age, 19-79 years; mean age, 43 ±14.6 years). The characteristics of the study group are presented in TAbLE 1. We measured fasting glucose levels using the hexokinase method and fasting insulin levels using the Insulin IRMA Kit (Immunotech, Czech Republic). We then calculated the Homeostasis Model Assessment-Insulin Resistance (HOMA-IR) for each individual to determine the severity of insulin resistance. The following formula was used 7 : HOMA-IR = (glucose × insulin) / 405, where glucose is fasting glucose (mg/ dl) and insulin is fasting insulin (mU/ml).
Patients were divided into the study and control groups. The study group (n = 76) included 43 women and 33 men, while the control group (n = 67) included 43 women and 24 men.
The criterion for inclusion in the study group was a HOMA-IR value of 2 or higher (insulin resistance), and, in the control group, a value of less than 2 (no insulin resistance). 6, 8 Patients diagnosed with type 1 or 2 diabetes and hormonal disorders were excluded from the study. We conducted anthropometric measurements (body mass, height, and waist circumference), biochemical analyzes (fasting glucose and insulin levels), and a 24-hour dietary recall (2 working days and 1 day holiday). All patients were characterized with a moderate level of physical activity as assessed by the International Physical Activity Questionnaire.
All patients were measured and weighed using a body composition analyzer, InBody 220 (BioSpace, Korea). The BMI was calculated using the following formula 9 : BMI = weight (kg) / height 2 (m 2 ). Waist and hip circumferences were measured with a centimeter tape. The waist circumference was measured accurately midway between the lower edge of the rib cage and the upper edge of the hips. The hip circumference was measured at the height of the greater trochanters. 10 The waist-to-hip ratio (WHR) was also calculated. After obtaining blood samples from the patients' veins, fasting glucose and insulin levels were measured. A dietary interview was conducted to determine mean daily energy intake and the average There were no significant differences in the consumption of carbohydrates and fiber (TAbLE 3) . The only significant differences were observed in the consumption of lactose in grams and the percentage of mean daily food intake between men in the study group and those in the control group, with higher intake reported in the latter. Of note, although the mean fiber content in the diet was higher in the study group, the maximum amount of fiber in the diet (nonsignificant differences) was higher in the control group. The study group consumed less carbohydrates than the control group, and none of the groups consumed enough carbohydrates and fiber.
No significant differences were observed in the consumption of fat or dietary cholesterol and the atherogenic index of the diet (TAbLE 4) . We observed a similar contribution of fatty acids in dietary energy content in both groups (TAbLE 4) . The daily food intake of all study subjects did not cover the requirements for MUFA and PUFA; however, it was near the upper limit of normal or exceeded the normal levels (as in men in the control group) for SAFA. The atherogenic index of the diet did not differ between the 2 groups. The Keys factor in women in both groups was too low. It was normal for men in the control group; it was lower in the study group than in the control group, but still within the normal range. Considering sex and the optimum P/S ratio (0.87), the values were too low for both groups.
This paper presents only the nutritional analysis of the conducted study. Based on the results, the correlation between HOMA-IR and anthropometric measurements, fractions of the lipid profile, and the percentages of macronutrients in dietary energy intake, the following model of forward stepwise regression was obtained: HOMA-IR = 0.126 × BMI + 0.009 × TG -0.059 × sucrose -1.133. BMI was the most strongly correlating factor in the model.
Considering the correlations between macronutrient intake and insulin resistance described by HOMA-IR, a positive correlation was observed between the HOMA-IR value and the percentage applied. In addition, the Spearman's rank correlation test was used to determine the association between HOMA-IR and anthropometric measurements as well as dietary factors. A P-value of less than 0.05 was considered statistically significant. To characterize the groups, the following descriptive statistics were used: sample size, standard deviation, and the arithmetic mean and range. A forward stepwise regression model was also performed.
REsuLTs BMI values were significantly higher in men and women with insulin resistance compared with controls. However, the mean waist circumference was significantly higher only in women with insulin resistance. Age and WHR values were similar between the groups regardless of sex. The characteristics of the study group are presented in TAbLE 1.
Cardiovascular risk factors were present both in the study group and in controls. In the control group, high blood pressure was reported in 10 individuals (15%), hypercholesterolemia in 11 (16.5%), and heart attack/stroke in 3 (4.5%). In the study group, high blood pressure was observed in 27 patients (35.5%) and hypercholesterolemia was reported in 10 individuals (13.5%), half of which received cholesterol-lowering drugs. Only 1 person (1.3%) experienced a heart attack and stroke. The differences between the 2 groups were nonsignificant.
A quantitative assessment of the diet was made in both groups (TAbLEs 2, 3, and 4 ). Mean energy consumption was slightly higher in women in the study group and men in the control group, but the differences were nonsignificant. Patients' diet was characterized by insufficient daily energy and protein intake. However, the mean percentage of daily energy intake from protein was higher in women and men with insulin resistance (TAbLE 2) . We calculated the extent to which nutritional recommendations were implemented by patients, and observed that patients reported excessive levels of protein intake. Differences between the groups are not significant.
Abbreviations: see TAbLE 1 carbohydrates in the diet of the study subjects was about 51%, and it was higher only among women in the control group (mean 54.4% of the total food energy content). Fiber intake was similar in both groups although slightly higher in men. Volek et al. 19 studied the relationship between carbohydrate intake and insulin resistance and showed that reduction in carbohydrate intake had a positive effect on improving insulin sensitivity. Carbohydrate intake decreased from 47% to 12% in those subjects, which was also associated with a decrease in the mean intake of dietary fiber from 13 ±4 g to 9 ±5 g. Such a significant reduction in carbohydrate intake was followed by a decrease of the HOMA-IR value by 50%. Moreover, the serum glucose concentration decreased by a mean of 10 mg/dl, and insulin by a mean of half the baseline level. 19 In our study, there were no significant differences in food energy between the study and control groups. Volek et al. 19 investigated the effect of lowering carbohydrates in the diet on metabolic syndrome and whether reducing carbohydrates was more beneficial than reducing fat. In both studies, food energy was significantly reduced. It should be noted that dietary restrictions used in both studies led to the reduction of protein in the mean daily food intake (FIGuRE 1). Moreover, there was a negative correlation between the HOMA-IR value and the percentage of sucrose in the diet (FIGuRE 2). dIsCussION It is well known that insulin resistance participates in the pathogenesis of type 2 diabetes and cardiovascular diseases. 16, 17 The main cause of metabolic disorders and so called civilization diseases is unhealthy lifestyle. People, especially those professionally active, spend most of their time in the office or in the car. Too many duties usually do not leave enough time for sport or any type of physical activity. Lack of physical exercise, excessive food intake, excessive animal fat and sugar in the diet lead to an increase in weight and distort the proportion between subcutaneous and visceral fat tissues as well as between the amount of fat and muscle tissues.
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In the present study, mean daily carbohydrate intake among women was 208 g and did not differ between the study and control groups. In men, mean daily carbohydrate intake was not significantly higher in patients with insulin resistance compared with those without it (277.0 g/d and 259.8 g/d, respectively). The mean percentage of a significant differences between the groups (P <0.05)
Abbreviations: see TAbLE 1 Our results revealed a higher percentage of lactose intake in the diet of men with insulin resistance compared with insulin-sensitive men (2.5% vs. 1.7%, respectively). We believed that if the study had included a larger population sample and investigated not only the consumption of sucrose and lactose but also of fructose, it would have been easier to determine the role of carbohydrates in the pathogenesis and treatment of insulin resistance.
In our study, we noted that fat intake did not differ significantly between subjects with and without insulin resistance. We observed slightly of the HOMA-IR value. It can be assumed that this was due to decreased energy intake resulting from reduction of body weight. 19 We observed that sucrose content in the diet was slightly higher in the control than in the study group. Moreover, contrary to previously published studies, we observed an inverse correlation between the HOMA-IR value and sucrose intake. Among others, Czerwonogrodzka et al. 20 showed that obese children consumed larger amounts of sucrose, which may be one of the dietary factors leading to overweight and obesity. Differences between the groups are not significant.
Abbreviations: see TAbLE 1 of significant protein and fat content in similar products. Moreover, it should be noted that in the study by Volek et al., 19 regardless of macronutrient limitation, the total energy consumption decreased significantly in both groups. However, only in the group with increased protein from 16% to 28% energy intake, insulin sensitivity increased significantly. Further studies are needed to assess how different types of animal and vegetable proteins with their specific amino acid composition affect insulin resistance -its development and severity. This knowledge is necessary to revise dietary recommendations and treatment options in subjects with risk factors for insulin resistance.
In summary, there is no significant evidence for a direct link between nutrition and insulin resistance. Diet may affect insulin resistance in the long term but this was not confirmed in our study. However, a negative correlation was observed between the percentage of sucrose in the diet and HOMA-IR value and a positive correlation between protein intake and the HOMA-IR value.
higher SAFA consumption by subjects without insulin resistance, while the intake of MUFA and PUFA was slightly higher among subjects with insulin resistance. Of note, the percentage of SAFA in the diet of our subjects was similar to that reported by WOBASZ, a Polish national survey performed in 2005. 15 In our study, the mean Keys factor in the control group was 28.8, which is within the reference range, 14, 15 while among women in the study group and among men both in the study and control groups, it was lower than the recommended values (27.6, 32.5, and 29.1, respectively). Additionally, the P/S ratio was lower than the recommended value (0.87) among women and men both in the study and control groups (0.36 and 0.34; 0.4 and 0.29, respectively). Similar results were obtained by Szczuko et al. 14 in a study that assessed the atherogenic index of the diet in young men.
Our results demonstrated a slightly higher percentage of protein in the diet. Volek et al. 19 showed that limiting carbohydrate intake resulted in higher protein consumption (in grams), while limiting fat intake caused lower consumption of protein (in grams). This is a result ORIGINAL ARTICLE Effect of nutrition and atherogenic index on the occurrence and intensity of insulin resistance 295
Conclusions Our study showed a significantly higher intake of lactose in men without insulin resistance compared with those with insulin resistance. The results of our study encourage to conduct further, more detailed research involving a larger group of patients to better understand associations between dietary content and insulin resistance.
